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Description 

[Power Supply Controller and 
Information Processor] 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention relates to a power supply controller 
and an information processor. More particularly, the 
present invention relates to a power supply controller that 
directs a plurality of different voltages output from a 
power supply for use in different integrated circuits and to 
an information processor powered by the plurality of volt- 
ages. 

[0003] Background of the Invention 

[0004] a conventional information processor used in a personal 
computer requires a number of different voltages for nor- 
mal operation. For example, an integrated circuit used in 
an information processor operates with a voltage accord- 
ing to the width of a signal line in the integrated circuit. In 



some cases, a single integrated circuit operates with a 
plurality of different voltages. 

[0005] For every integrated circuit, a standard is provided which 
specifies the sequence for successively turning on multi- 
ple power supplies to safely distribute power to discrete 
circuits within an integrated circuit that operate on differ- 
ent voltages. For example, it is usually necessary to begin 
supplying a plurality of voltages sequentially, starting with 
a lower voltage. To turn off the supply of power the pro- 
cess is reversed, turning off the supply starting with a 
higher voltage, in order to prevent destruction or a mal- 
function of the integrated circuit. 

[0006] The prior art includes a method of providing differential 
delay for a plurality of control signals used in power sup- 
ply management. However, this method suffers from in- 
creased cost due to the need for additional delay circuits 
and increased circuit area dedicated to the power supply 
control function. Another prior art solution utilizes a mi- 
croprocessor to control the timing of turn-on of each of a 
plurality of voltages. However, this method requires in- 
creased power consumption since even when no voltage is 
supplied to the information processor, the control micro- 
processor is driven in preparation for supplying a new 



voltage. 
Summary of Invention 

[0007] The present invention is directed towards a power supply 
controller and an information processor capable of solving 
the above described problems. 

[0008] According to a first embodiment of the present invention, 
an information processor is provided that includes a 
power supply controller to direct the output of a plurality 
of voltages from a power supply unit. The power supply 
controller includes a state register which stores state val- 
ues corresponding to a combination of voltages supplied 
by the power supply unit, a reference clock oscillator to 
synchronize state transitions, a finite state machine which 
changes the state values one by one in a predetermined 
order to values corresponding to a target combination of 
voltages when a change instruction to change the combi- 
nation of voltages supplied by the power supply unit is re- 
ceived, and an output section which communicates the 
combination of voltages corresponding to the state values 
assigned by the finite state machine (identified as state 

value changing combination circuit). 
Brief Description of Drawings 



[0009] Figure 1 is a block diagram of an information processor 
100; 

[0010] Figure 2 is a block diagram of a power supply controller 
10; 

[001 1] Figure 3 is a block diagram of a reference clock oscillation 
section 120; 

[0012] Figure 4 is a diagram showing details of a plurality of op- 
erating modes discriminated in power consumption; 

[0013] Figure 5 is a state transition diagram showing the plurality 
of operating modes; 

[0014] Figure 6 is a state transition diagram for a power-sup- 
ply-off mode 510; and 

[0015] Figure 7 is a diagram showing timing of supply of volt- 
ages changed on the basis of a reference clock. 
Detailed Description 

[0016] Figure 1 shows a block diagram of an information proces- 
sor 100. The information processor 100 has a power sup- 
ply controller 10 coupled to a power supply unit 20 which 
converts a voltage supplied from a battery or an AC 
adapter into a plurality of voltages suitable for powering 
the various functional blocks of the information processor 
100. The power supply unit 20 distributes the converted 
voltages to different sections of the information processor 



100 according to instructions from the power supply con- 
troller 10. The other functional elements of the informa- 
tion processor 100 include a south bridge 30; a control 
microcomputer 40; a video control circuit 50 and a mem- 
ory 60; a CPU 70; and a hard disk drive (HDD) 80, all pow 
ered by a variety of voltages. 
7 ] The information processor 100 has a number of predeter- 
mined power consumption modes that assign different 
voltages to each functional block. These include the fol- 
lowing: a suspend mode in which the power supplied to 
the CPU is stopped while the contents of the memory are 
held, and a power-supply-on mode in which power is 
supplied to the CPU and other sections, such as the mem- 
ory used when the CPU is operating to enable information 
processing. When the power supply controller 10 receives 
a power supply control instruction from the south bridge 
30 to change the operating mode, it selects a particular 
combination of supply voltages to suit the operating re- 
quirements of the information processor 100. The combi- 
nation of supply voltages is determined according to the 
power supply control instruction. Each voltage can be in- 
dependently set in the on/off state. The power supply 
controller 10 notifies the power supply unit 20 of the se- 



lected combination of power supplies and voltages. The 
power supply unit 20 provides the combinations of power 
supply voltages according to the message from the power 
supply controller 10. 
[0018] For example, the power supply controller 10 interfaces 

with the power supply unit 20 to direct the distribution of 
multiple voltage power supplies to the desired functional 
unit of the information processor 100. As shown in Figure 
1, the preferred embodiment includes multiple voltage 
power supplies M, A and B, each of which can be indepen- 
dently set in the on/off state. In addition, the supply volt- 
ages can be independently routed from the power supply 
unit 20 to the south bridge 30 and the control microcom- 
puter 40, the video control circuit 50 and memory 60, as 
well as the CPU 70 and the hard disk drive 80. The power 
supply controller 10 sets each of the power supplies M, A, 
and B in the on/off state according to a power control in- 
struction. The power supply controller 10 may further di- 
rect an auxiliary power supply (Vaux) for a LAN device. In 
the embodiment shown in Figure 1, the plurality of power 
supply voltages are formed, for example, by branching 
and scaling one power supply from the single power sup- 
ply unit 20 by FET switches. 



[0019] Alternatively, the plurality of power supply voltages may 
be generated by several power supply units operating in- 
dependently. The power supply controller 10 may receive 
a power control instruction from the south bridge 30 even 
when the power supply M is disabled. That is, part of the 
south bridge 30 is driven by another power supply even 
when the power supply M is turned off. In addition, power 
supply controller 10 may receive a power supply control 
instruction from a different logical circuit when power 
supply M is turned off. 

[0020] Figure 2 illustrates a block diagram of the power supply 
controller 10, which directs the supply of different volt- 
ages from the power supply unit 20 to the functional units 
of the information processor 100. The power supply con- 
troller 10 receives a power supply control instruction from 
the south bridge 30. The power supply controller 10 then 
effects a transition of combinations of power supplies and 
voltages provided for the internal sections of the informa- 
tion processor 100 to other combinations of power sup- 
plies and voltages designated by the power supply control 
instruction. During this transition, in the state of provision 
of power supplies and voltages, the power supply con- 
troller 10 starts or stops providing the plurality of power 



supplies in a predetermined order. 

[0021] The power supply controller 10 includes a power supply 
control circuit 300 and an RC delay circuit 1030. The ref- 
erence clock 120 of the power supply control circuit 300 
oscillates in accordance with the configuration of the RC 
delay circuit 1030 specified by a power supply control in- 
struction from the south bridge 30. The reference clock 
triggers the state transition of the power supply control 
circuit 300. The power supply control circuit 300 includes 
a state value setting combination circuit 105, a state reg- 
ister section 110, the portion of a reference clock genera- 
tion section 120 excluding the RC delay circuit 1030, a 
state value changing combination circuit 130, and an out- 
put section 140. The state value setting combination cir- 
cuit 105 generates a change instruction to change the 
combination of voltages supplied to the information pro- 
cessor 100 according to the power supply control instruc- 
tion received from the south bridge 30. The change in- 
struction is then transmitted to the state value changing 
combination circuit 130. 

[0022] For example, the state value setting combination circuit 
105 sends a power supply M change instruction to the 
state value changing combination circuit 130 to begin 



supplying a plurality of voltages to the south bridge 30 
and the control microcomputer 40 via power supply M. 
When the reference clock oscillation section 120 receives 
a change instruction indicating that a voltage will be sup- 
plied to one of the plurality of sections from the state 
value setting combination circuit 105, it transmits the ref- 
erence clock at a frequency corresponding to the amount 
of delay of the RC delay circuit 1030, and supplies the 
reference clock to the state register section 110. Because 
this embodiment is designed so that the power supply M 
is turned on when a voltage is supplied to any one of the 
plurality of sections, the reference clock oscillation section 
120 outputs the reference clock when the power supply M 
change instruction to turn on the predetermined power 
supply M is received. 
[0023] The state value changing combination circuit 130 receives 
a change instruction from the state value setting combi- 
nation circuit 105 to change the combination of power 
supplies provided by the power supply unit 20 for the in- 
formation processor 100. In this event, the state value 
changing combination circuit 130 changes state values 
stored in the state register section 110 in the predeter- 
mined order to values corresponding to a combination of 



power supplies with which the current combination of 
power supplies is to be replaced. More specifically, when 
the state value changing combination circuit 130 receives 
a change instruction, it stores, an initial value, in the state 
register section 110 in accordance with the change in- 
struction. The state value changing combination circuit 
130 selects a next state value according to the present 
state value stored in the state register section 110, and 
sets the selected state value in the state register section 
110. The state value changing combination circuit 130 
updates this setting operation in accordance with the ref- 
erence clock. 

[0024] The state register section 110 stores state values related 
to combinations of voltages supplied to the plurality of 
functional sections of the information processor 100 by 
the power supply unit 20. That is, the state register sec- 
tion 110 stores state values related to combinations of 
power supplies provided for the information processor 
100 in the plurality of power supplies and also to combi- 
nations of voltages supplied to the circuits to which the 
power supplies are routed. Each time the state register 
section 110 receives a reference clock pulse from the ref- 
erence clock oscillation section 120, it updates the 



present state value to a next value set from the state value 
changing combination circuit 130. That is, the state regis- 
ter section 110, and the state value changing combination 
circuit 130 constitute a state machine which effects state 
transitions in synchronization with the reference clock. 

[0025] The output section 140 receives the state values changed 
one by one by the state value changing combination cir- 
cuit 130 and notifies the power supply unit 20 of a power 
supply instruction designating the combination of power 
supplies and the combination of voltages corresponding 
to the state values. The output section 140 thereby directs 
the power supply unit 20 to supply the combinations of 
power supplies and voltages corresponding to the state 
values to the sections of the information processor 100. 
For example, the output section 140 notifies the power 
supply unit 20 of a power supply instruction to supply a 
plurality of voltages different from each other, e.g., 1.2 V 
and 1.5 V, from the power supply unit 20 to the sinks 
connected to power supply M. 

[0026] The power supply controller 10 notifies the power supply 
unit 20 of a power supply instruction in a predetermined 
order to start supplying power from each power supply, 
thereby preventing a malfunction or destruction of the in- 



formation processor 100. In addition, the power supply 
controller 10 starts supplying a plurality of voltages se- 
quentially by notifying the power supply unit 20 of in- 
structions in a predetermined order. The sequence of 
power distribution is performed according to the specifi- 
cations of the integrated circuits to which the voltages are 
routed, which reduces the risk of damage to the inte- 
grated circuits. 

[0027] Figure 3 shows a block diagram of the reference clock os- 
cillation section 120, which includes a delay circuit 1000, 
a logical sum (OR gate) operation circuit 1010, the RC de- 
lay circuit 1030, a Schmidt inverter 1040, and a logical 
product (AND gate) operation circuit 1050. The input to 
the delay circuit 1000 is the power supply M change in- 
struction signal. The OR gate 1010 receives the undelayed 
and delayed change instruction signal and outputs the 
logical sum to the AND gate 1050. 

[0028] The RC delay circuit 1030 delays the input reference clock 
signal by a predetermined amount and outputs the de- 
layed clock signal to the Schmidt inverter 1040. The 
Schmidt inverter 1040 shapes the waveform of the de- 
layed reference clock into a generally rectangular shape 
and forms a feedback loop gated by the logical AND oper- 



ation 1050 circuit. The reference clock oscillation section 
120 may incorporate a variable delay to adjust the fre- 
quency of the reference clock. Accordingly, to accommo- 
date different models of the information processor 100, 
alternate versions of the delay circuit 1030, may be im- 
plemented to ensure compatibility with the power control 
circuit 300. 

[0029] The logical AND operation circuit 1050 gates the feedback 
loop formed by RC delay circuit 1030 and the Schmidt in- 
verter 1040. More specifically, the logical AND operation 
circuit 1050 supplies the product of the logical OR circuit 
1010 and the Schmidt inverter 1040 to the state register 
section 110. The reference clock oscillation section 120 
also outputs the desired reference clock by dividing the 
frequency of the clock output by the logical product oper- 
ation circuit 1050. 

[0030] Thus, the reference clock oscillation section 120 oscillates 
the reference clock when it receives a change instruction 
to supply one of the plurality of sections of the informa- 
tion processor 100. When the reference clock oscillation 
section 120 receives a change instruction to stop supply- 
ing voltages to all of the sections of the information pro- 
cessor 100, for example, when the power supply M 



change instruction indicating that the power supply M is 
to be activated becomes zero, the reference clock oscilla- 
tion section 120 stops the reference clock after a lapse of 
a predetermined delay. 

[0031] Figure 4 illustrates the plurality of operating modes dis- 
criminated in power consumption from each other. For 
example, the information processor 100 has as operating 
modes an all-power-supply-off mode in which the AC 
adaptor is not connected and the PC is not activated, a 
power-supply-off mode in which the AC adaptor is con- 
nected and the battery is charged, a suspend mode in 
which the operating state of the information processor 
100 is saved to the memory, and a power-supply-on 
mode in which information processing can be executed by 
receiving a start instruction from a user. 

[0032] | n t he all-power-supply-off mode, the information pro- 
cessor 100 turns off each of the power supplies M, A, and 
B. That is, when the power supply controller 10 receives a 
power supply control instruction from the south bridge 30 
to effect a transition to the all-power-supply-off mode, 
the state value setting combination circuit 105 supplies a 
change instruction to the state value changing combina- 
tion circuit 130 to turn off each of the power supplies M, 



A, and B. 

[0033] Similarly, in the power-supply-off mode, the information 
processor 100 turns the power supplies M, A, and B on, 
off, and off, respectively. In the suspend mode, the infor- 
mation processor 100 turns the power supplies M, A, and 
B on, on, and off, respectively. In the power-supply-on 
mode, the information processor 100 turns on each of the 
power supplies M, A, and B. Consequently, the operating 
mode determines both the combination of functional sec- 
tions receiving power and the overall power consumption 
of the information processor 100. 

[0034] Figure 5 shows the state transition diagrams of the oper- 
ating modes. In an initial state, the information processor 
100 is set in the all-power-supply-off mode 500. In this 
state, the power supply controller 10 sets each of the 
power supplies M, A, and B in the off state. When the in- 
formation processor 100 becomes connected to the AC 
adaptor, the power supply controller transitions to the 
power-supply-off mode 510 (S100)by turning on power 
supply M. 

[0035] when the information processor 100 receives a start in- 
struction from a user, such as when the information pro- 
cessor 100 is initially powered up, the power supply con- 



troller 10 temporarily transitions to the suspend mode 
520 (S110) by switching on power supply A. The power 
supply controller 10 then transitions to the power-sup- 
ply-on mode 530 (S120) by switching on power supply B. 

[0036] when the information processor 100 receives a power- 
supply shut-off instruction from the user while in the 
power-supply-on mode, the power supply controller 10 
transitions to the suspend mode 520 (S130) by turning off 
power supply B. Subsequently, the power supply controller 
10 transitions to the power-supply- off mode 510 (S140) 
by switching off power supply A. If the information pro- 
cessor 100 is disconnected from the AC adaptor, the 
power supply controller 10 transitions to the all- 
power-supply-off mode 500 (S150) by switching off 
power supply M. Finally, the information processor 100 
receives a suspension instruction from the user in the 
power-supply-on mode 530, the power supply controller 
10 sets the power supply B in the off state to effect a 
transition to the suspend mode 520 (S130). 

[0037] Accordingly, when the state value changing combination 
circuit 130 receives a change instruction to change the 
combination of voltages supplied to the individual func- 
tional sections of the information processor 100, it 



changes state values one by one in a predetermined order 
indicating which of the functional sections the voltage 
should first be changed. The information processor 100 
can effect state transitions in a predetermined order be- 
tween the plurality of operating modes. That is, the power 
supply controller 10 can prevent a transition to an unde- 
fined or invalid state. For example, a state in which the 
power supplies M and B are on while the power supply A 
is off. 

[0038] when the state value changing combination circuit 130 

receives an invalid change instruction that does not corre- 
spond to any of the four operating modes, it sets state 
values according to the closest matching operating mode. 
For example, when the state value changing combination 
circuit 130 receives a change instruction to turn the power 
supplies M, A, and B on, off, and on, respectively, it will 
detect that the sinks to which voltages are to be supplied 
correspond to none of the operating modes. In this case, 
the state value changing combination circuit 130 sets a 
valid state according to the change instruction and corre- 
sponding to one of the operating modes, such as the 
power-supply-off mode 510 in which the power supplies 
M, A, and B are turned on, off, and off, respectively. Alter- 



natively, when the state value changing combination cir- 
cuit 130 receives an invalid state change instruction, it 
may maintain the state values set before the change re- 
gardless of the change instruction. 
[0039] Figure 6 shows the state transition in the power-sup- 
ply-off mode 510, which includes power- supply-off 
modes 600-1 to 600-N. For example, when the informa- 
tion processor 100 is connected to the AC adaptor in the 
all-power-supply-off mode 500, the power supply con- 
troller 10 sets a state value for supplying a voltage of 1.2 
V to the sinks connected to power supply M, thereby ef- 
fecting a transition to the power supply-off mode 600-1 
(S100). 

[0040] The information processor 100 then sets a state value for 
further supplying a voltage of 1.5 V to the sinks con- 
nected to power supply M, thereby effecting a transition 
to the power supply-off mode 600-2. The information 
processor 100 changes the state values one by one in ac- 
cordance with the reference clock to effect state transi- 
tions (S210, S220) and complete a transition to the power 
supply-off mode 600-N in which all of the plurality of 
voltages are supplied to the sinks to which power supply 
M is connected. 



[0041] when the state value changing combination circuit 130 
receives a power supply M change instruction to begin 
supplying the plurality of voltages to the south bridge 30 
and the control microcomputer 40, the state register 110 
the state values are set to start supplying voltages se- 
quentially from a lower one of the plurality of voltages. 
Consequently, the information processor 100 can sequen- 
tially start supplying the plurality of voltages from a lower 
one of them and effect a transition to the state in which 
all the plurality of voltages are supplied to the sinks con- 
nected to power supply M. 

[0042] if the information processor 100 is then disconnected 
from the AC adaptor in the power supply-off mode 
600-N, the power supply controller 10 changes the state 
values one by one to effect state transitions (S230, S240) 
to discontinue supplying voltages sequentially starting 
from a higher voltage. The power supply controller 10 
sets the state values for supplying voltages of 1.2 V and 
1.5 V to the sections corresponding to the power supply 
M to effect a transition to the power-supply-off mode 
600-2. Further, the power supply controller 10 sets the 
state value for stopping the 1.5 V supply to effect a tran- 
sition to the power-supply-off mode 600-1 in which the 



state value for supplying the voltage 1.2 V is set. 

[0043] The state value changing combination circuit 130 sets the 
state value in the state register 110 for sequentially dis- 
continuing the voltage supply from a higher one of them 
when it receives the power supply M change instruction to 
stop supplying all the voltages supplied by power supply 
M. Therefore the information processor 100 stops supply- 
ing the plurality of voltages sequentially beginning with 
the highest one and continuing in descending order. In 
this manner, the information processor 100 can effect a 
transition to the state where none of the plurality of volt- 
ages is supplied by power supply M. 

[0044] | n the embodiment shown in Figure 6, the state value 

changing combination circuit 130 changes state values to 
start supplying voltages in a predetermined order from a 
lower one of the voltages and to stop supplying the volt- 
ages in a predetermined order from a higher one of the 
voltages. Alternatively, the state value changing combina- 
tion circuit 130 may change state values to start supplying 
voltages in a predetermined order from a higher one of 
the voltages and to stop supplying the voltages in a pre- 
determined order from a lower one of the voltages. That 
is, the order is determined according to the specifications 



of the integrated circuits to which the voltages are sup- 
plied. 

[0045] Figure 7 shows the timing of supply voltage transitions for 
power supplies M and A corresponding to the reference 
clock. (The configuration and routing of power supply B is 
similar to power supplies M and A.) When the reference 
clock oscillation section 120 receives a power supply M 
change instruction to begin supplying power from power 
supply M, it starts oscillating the reference clock. When 
the state value changing combination circuit 130 receives 
the power supply M change instruction, it begins supply- 
ing voltages of 1.2 V, 1.5 V and 3 V sequentially to the 
sinks connected to power supply M. Subsequently, when 
the state value changing combination circuit 130 receives 
a power supply A change instruction to begin supplying 
power from the power supply A, it starts supplying volt- 
ages of 1.2 V, 1.5 V and 3 V sequentially to the sinks con- 
nected to power supply A. 

[0046] Similarly, if the state value changing combination circuit 
130 receives a power supply A change instruction to stop 
supplying power from the power supply A, for example, 
when the signal representing the power supply A change 
instruction becomes zero, it stops supplying voltages of 3 



V, 1.5 V and 1.2 V sequentially to the sinks connected to 
power supply A. When the state value changing combina- 
tion circuit 130 subsequently receives a power supply M 
change instruction to stop supplying power from the 
power supply M, for example, when the signal represent- 
ing the power supply A change instruction becomes zero, 
it sequentially stops, on the basis of the reference clock, 
supplying voltages of 3 V, 1.5 V and 1.2 V to the sinks 
connected to power supply M. If the signal representing 
both the power supply M change instruction and the 
power supply A change instruction equals zero, the state 
value combination circuit 130 stops the supply of power 
and the reference clock oscillation section 120 stops os- 
cillating the reference clock. 
[0047] | n t he example shown in Figure 7, the state value chang- 
ing combination circuit 130 changes each of the state val- 
ues in sequence each time it receives one reference clock 
pulse. Alternatively, the state value changing combination 
circuit 130 may change the state values over any multiple 
of clock cycles. That is, the state value changing combina- 
tion circuit 130 may change the state values at intervals 
determined by individual device or integrated circuit spec- 
ifications. 



[0048] The power supply controller 10 can sequentially start sup- 
plying power from the plurality of power supplies or se- 
quentially stop supplying power from the power supplies 
by changing the state values one by one in a predeter- 
mined order based on the reference clock. Therefore the 
power supply controller 10 can start supplying power 
from the power supplies in an order determined in the de- 
sign of the information processor 100 to prevent a mal- 
function or destruction of the information processor 100. 
The power supply controller 10 can also sequentially start 
or stop supplying a plurality of voltages to the functional 
sections of the information processor 100 to which the 
power supplies are routed. In this regard, the power sup- 
ply controller 10 can start supplying power from the plu- 
rality of power supplies in a predetermined order satisfy- 
ing conditions according to the particular integrated cir- 
cuit specifications, thereby preventing a malfunction or 
destruction of the integrated circuits. 

[0049] since the reference clock in the power supply controller 
10 is oscillated only when power distribution is being af- 
firmatively managed, the power consumption can be re- 
duced for those operating modes in which it is unneces- 
sary to control the supply of power. Further, the power 



supply controller 10 is capable of adjusting the reference 
clock by changing the RC delay circuit 1030 without 
changing the design of the power supply control circuit 
300. That is, the power supply controller 10 can flexibly 
adjust voltage supply timing even in a case where a 
change is made in the design of the integrated circuit be- 
ing supplied. 

[0050] while the invention has been described in detail, the fore- 
going description is in all aspects illustrative and not re- 
strictive. It is understood that numerous other modifica- 
tions and variations can be devised without departing 
from the scope of the invention. 

[0051] As is apparent from the above description, the present in- 
vention enables suitable control of supply of a plurality of 
voltages. 



